The Cinereous Warbling-finch Poospiza cinerea (Emberizidae) is a Neotropical grassland bird considered rare, with population declining due to habitat loss and classified as vulnerable. However, the species conspicuously remains in several degraded areas, suggesting that it may be favored by these environments. Studies which focus on this species were inexistent until 2012, making questionable any statement about its threaten status. Here we analyzed population density, home range, and habitat selection of two groups of P. cinerea at independent sites that differ in human impact levels. Density was estimated by counting and mapping birds. Kernel density and minimum convex polygon were used to estimate home ranges. Habitat selection was inferred from use and availability of every habitat identified within the home range boundaries. One group positively selected urban tree vegetation, despite the availability of natural habitats in its home range. Based on a review on the literature and our findings, we assume that it is unlikely that P. cinerea is rare owing to habitat degradation, as previously thought. Nevertheless, this species was always recorded around native Cerrado vegetation and thus habitat modification may still threaten this species at some level. It is suggested that this species might be a woodland edge species, but future studies are necessary to confirm this assumption.
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New insights on the rarity of the vulnerable Cinereous Warbling-finch (Aves, Emberizidae) based on density, home range, and habitat selection 
Introduction
The Cinereous Warbling-finch Poospiza cinerea Bonaparte (Emberizidae) is a Neotropical grassland bird considered rare with population declining due to habitat loss (Stotz et al., 1996; Birdlife International, 2013) , and thus classified as vulnerable (Birdlife International, 2013) . However, new evidences suggest that P. cinerea may tolerate or even take advantage from altered areas (Birdlife International, 2013) . The species was observed around woods in abandoned pastures (Simon et al., 1999; Ribon, 2002) , around road edges and abandoned open-pit mines , degraded cerrado vegetation, roads, pastures and orchards (Lopes et al., 2010) . Hence, Birdlife International (2013) proposes that the tolerance of the species to degraded habitats must be clarified. If this supposed tolerance is proven true, this bird could be down-listed to the least concern or near threatened statuses of global threat.
Records of this species are scarce in literature, limited to few individuals per site and isolated in time (mainly Ridgely and Tudor, 1989; Stotz et al., 1996; Simon et al., 1999; Vasconcelos et al., 1999 , Ribon, 2002 Vasconcelos and D'angelo Neto, 2007; Lopes et al 2010; Rodrigues et al., 2011; Rodrigues, 2012, 2013; Wischhoff et al., 2012) . In fact, P. cinerea is poorly known, having a large gap in its basic biology information (Wischhoff et al., 2012) , also being considered as data deficient in the Brazilian red list (Machado, 2005) .
Several authors claim that P. cinerea is rare, has natural rarity, low density (Ridgely and Tudor, 1989; Stotz et al., 1996; Lopes et al., 2009) , or irregular frequency due to nomadic behavior (Melo-Júnior, 1998) . Nevertheless, these statements remain unclear, since population density of P. cinerea has never been estimated on a systematic schedule, and to date, nomadic behavior was rejected for just one bird couple (Costa and Rodrigues, 2013) . In addition, the consequences of human impact to this apparent rarity are unknown. This knowledge is necessary to find out if populations are declining (Melo-Júnior, 1998) . Hence, it is desirable that habitat use and preferences, home range and population density within area of occurrences of the species are described, which are the aims of this study. Moreover, these data are important to understand several ecological processes (Wauters et al., 2005; , that might clarify the reasons for its rarity, and have potential use in population conservation strategies, by revealing the species requirements (Bellis et al., 2004) . Also in the future, such information might be useful to find new populations, identify factors that limit the species' distribution and predict its total range.
Material and Methods

Study areas
From May 2010 to April 2011, two researchers spent 290 hours of fieldwork on two sites in the state of Minas Gerais, southeastern Brazil. The first site includes the Paredão da Serra do Curral City Park (PSC) (S 19° 57.724' W 43° 55.143', 1136-1380 m) and adjacent urban and field areas, in the south of Belo Horizonte city. This Park includes several peaks from Serra do Curral, a hilly alignment in ferruginous soil ) which is located in southern Espinhaço Mountain Range (Vasconcelos and Rodrigues, 2010) . The climate has dry winters and rainy summers, with annual mean rainfall of 1,560 mm. The area is dominated by savannah-like cerrado vegetation and fragments of Atlantic forest, on the ferruginous soil known as canga (Jacobi et al., 2008) . The park suffers from criminal burnings, open-pit mining, urbanization, and settlement of exotic plant species (e.g., Pinus sp., Eucalyptus sp., Brachiaria sp., Melinis minutiflora). The second site, Alto da Boa Vista (ABV) (S 19° 17.329' W 43° 35.302', 1.168-1.276 m) , is located in the Morro da Pedreira Environmental Protection Area, which circumvents the Serra do Cipó National Park (Costa and Rodrigues, 2012) . This entire complex is located inside the Espinhaço Mountain Range, in an ecotone region between the Cerrado and Atlantic forest biomes. This mountain range contains typical rocky fields vegetation (campos rupestres) in scattered quartzite outcrops, with thousands of endemic species (Giulietti et al., 1997) . The annual mean rainfall is 1,500 mm (Rodrigues et al., 2011) .
Population density
Once the first bird group in each study area was found, we extended the search area in all directions to find other groups, using radio-playbacks. We mist-netted and marked three birds with color and CEMAVE (Brazilian banding program) metal bands for identification on field, and then weighed with 0.1 g precision. With aid of a GPSr device, we mapped the groups and the areas searched. We then used the data points of sampled areas to build a polygon of sampled areas in GIS software (Quantum GIS, 2010) .
Home range
Identified birds were located without playback assistance and tracked to record location points. The points were sampled at 60 min intervals (with tolerance of ±10 min), which seemed adequate in field to reach biological independence between locations (Lair, 1987; see Barg et al., 2005 for extensive discussion over sampling independence). Since flocks were aggregated and with permanent members, home ranges were calculated for groups rather than individuals. The software ArcView 3.2 was used with Home Range Extension 0.9 (Rodgers and Carr, 1998) . The estimators were: (1) Kernel Density Estimator (KDE) by volume contouring of 95% (Worton, 1989) with fixed smoothing factor obtained by the least squares cross validation method (Seaman and Powell, 1996; Seaman et al., 1999) ; (2) Minimum Convex Polygon (MCP) with 100% of locations. The core areas of activity in KDE were calculated (Powell, 2000) .
To estimate the stabilization of home range areas, we used the criteria by Laver and Kelly (2008) , which determine the sufficient sample effort (bootstrapped confidence interval less than 10% of total home range for five consecutive location points). Additionally, a site fidelity test (10,000 iterations) was conducted in Animal movement software (Hooge and Eichenlaub, 2000) to verify if any shift in home range location during the study period occurred (the null model implies random movements without aggregation in space).
Habitat selection Johnson (1980) grades the habitat selection in four orders, from geographic range to diet composition. The second and third orders were used for analysis. The second order selection determines where the home range is located in the study area, and it was analyzed indirectly, observing the adjacent non-used areas, topography, and vegetation.
The third order selection was analyzed following a use-availability design (Garshelis, 2000) . The habitat use consisted of all location points sampled; the availability, of every habitat identified inside the KDE home range boundaries. The difference among use and availability was tested using a goodness-of-fit test (Byers et al., 1984) . The habitats boundaries were delineated with a GPSr, and the area was calculated using software (Quantum GIS, 2010) .
By natural habitats we mean the types of the Cerrado Biome classified in Ribeiro and Walter (1998) with some modifications detailed ahead. These authors distinguish rocky cerrado and rocky fields from all other types of habitat by the substrate and by particular vegetation species, and therefore, structure and growth forms are somewhat secondary. Here, we further classified the rocky fields and the rocky cerrado using the same structure and growth form values for non-rocky cerrados and fields. This new classification best fitted the scale and variation in the study area. Additionally, the wet grasslands class and some non-natural habitats were added, which did not follow any description from literature.
Results
Population density
The total area sampled in PSC and adjacent areas was of 160 ha. Twelve birds were found, distributed in one group of four individuals (from now on, PSC group), two groups of three individuals, and one group of two individuals. The population density was 7.5 birds/Km 2 . In 63 net-hours, two birds of PSC group were captured and marked.
At ABV, the sampled area was of 75 ha. One group of three birds was found (from now on, ABV group). During 26 net-hours, one female with a protruding egg in the abdomen was captured and marked in 8 Dec. 2010. A fourth member was born during data collection, resulting in a population density of 5.34 birds/Km 2 . Body mass of captured birds, which are rare in literature for this species, were respectively of: 19.0, 17.5 and 19.5 g.
Home range
The five P. cinerea groups had two to four individuals. Each group protects the territory with body display and songs, when stimulated with playback. The groups are strongly cohesive, and birds rarely stay more than 10 m apart from each other. The home ranges were calculated for PSC and ABV groups (see Figure 1 and Table 1 ). We never saw contact between the four groups in PSC, which can suggest little or no overlap of home ranges. The core areas of activity were equivalent to KDE 74% for PSC group and KDE 73% for ABV group. The ABV group had a home range area 169% larger than the PSC group by the KDE; 57% larger by the MPC estimator, and core area 150% larger. The number of cores was also different among groups. Actual sampling effort was sufficient since it surpassed the minimum sample estimate (see Table 1 ).
The site fidelity tests indicated no shift in both home ranges locations (p < 0.001).
Habitat selection
In second order selection, all groups (n = 5) were seen using environments with steep topography, with declivity around 100%. The two home ranges were located at the northwestern portion of mountain ranges. The habitat types identified and classified inside home ranges are shown in Table 2 . The proportions of each habitat are in Figure 2 . The PSC group's home range had high proportion of nonnatural habitats area (62%), in contrast to the ABV group (1%). The PSC group had higher proportion of area with medium to tall vegetation (14% urban trees) than the ABV group (1% dense rocky cerrado) and less area of natural savannic habitats (31%) than the ABV group (54%).
The core area of PSC had increased proportion in area of 'urban trees' and 'degraded fields with trees' and less of other habitats compared to the entire home range area (see Figure 2) . In the ABV group, the core area had increased proportion of 'dense rocky cerrado' and 'typical rocky cerrado' in comparison to the entire home range area. There was significant difference among use and availability (or expected use) in both groups (PSC group: c2 = 84,6; p < 0,0001; df = 5, ABV group: χ 2 = 32,4; p < 0,0001; df = 5). Thereby, we were able to run the goodness-of-fit test, which identifies selected habitats (see Table 3 ). The PSC group positively selected 'urban trees' and negatively 'streets, lawns, erosions and buildings'. The ABV group positively selected 'open rocky cerrado' and negatively selected 'shrubby rocky field' and 'open rocky field with wet grasslands'.
Discussion
Three features explain species' rarity: habitat specificity, local population density, and geographical range (Rabinowitz, 1981) . It has been suggested that P. cinerea does not have considerable niche specificity in its foraging behavior nor in its diet (Wischhoff et al., 2015) . Thus, if particular habitat specificity occurs, it should happen at other scales of habitat selection or niche constraint.
Population density data is available for another finch near ABV site, the Serra Finch Embernagra longicauda Strickland. This species has population density three to four times higher than P. cinerea in our study (Freitas and Rodrigues, 2012) . However, this is not sufficient to account P. cinerea as locally rare. In fact, Terborgh et al. (1990) created a classification of relative abundance for a bird community on a 97 ha plot in the Amazon Rainforest.
In that classification, P. cinerea would be included as uncommon (Terborgh's 1-4 pairs/Km 2 ), rather than locally rare (<1 pair/Km 2 ). No previous records in literature about this species have reported more birds per site than our study.
The third feature of a rare species, the geographical range, is yet to be studied. The most extensive survey about P. cinerea location records was done by Lopes et al. (2010) . Even in that study, which deals with twelve little known or threatened grassland species, P. cinerea had 27% less location records than average. This may suggest that P. cinerea occurs in small populations scattered along a broad range, hence the so-called rarity.
Home range data of related species on the same region are available only for E. longicauda (Freitas and Rodrigues, 2012) . This species has a home range six times smaller than P. cinerea. Since E. longicauda lives in couples, while P. cinerea in territorial groups of up to four birds, home range size may be correlated to number of birds in the group (Schoener, 1968) .
The larger home range area in ABV in comparison to PSC group could be a result of differences in vegetation height, which could have influenced food availability. The irregular home ranges and multiple cores in PSC and ABV groups suggest that they use patches of suitable habitat, which is more visible in PSC. Terborgh et al. (1990) suggests that low density birds are also those that choose particular patches of habitat.
Our site fidelity test and field observations did not show that P. cinerea has semi-nomadic behavior, contradicting previous suggestion (Melo-Júnior 1998) and corroborating with another study (Costa and Rodrigues, 2013) . In fact, at least one individual of PSC group was still seen in the center of its home range area in the next reproductive season (Oct. 2011).
The pattern of slope use by P. cinerea in the second order selection was never described, although it is fairly known that it inhabits hilly areas (Simon et al., 1999; Ribon, 2002; Lopes et al., 2010) . It is possible that this species best fits higher altitudes and/ or steep topography. Location records cited in this paper were in relative high altitudes for the Cerrado region, with some exceptions (Ridgely and Tudor, 1989; Stotz et al., 1996) . Still, these hypotheses remain open and more data are needed.
In the third order selection, the PSC group clearly benefited from modified habitats, especially in tall vegetation (urban trees), although natural cerrado cover seemed to be important as well, with 20% of habitat use. Avoidance of urban open areas, lawns, and erosions were expected, since the species forages in vegetation cover and rarely comes down to the ground (Wischhoff et al., 2015) . In the ABV group, on the other hand, the selection of tall and medium sized vegetation structure did not achieve statistical relevance. These habitats had little availability in the home range area. The open rocky cerrado vegetation was available in high proportion and was positively selected, which suggests that the cerrado vegetation is also important for this species. The roadside vegetation was used according to its availability, showing that the ABV group also forages in some degraded habitats. The higher population density in PSC site raises the idea that partially degraded habitats could benefit this species. Moreover, the PSC had smaller home range area and more core areas than the ABV group, which suggests that food in this site is more abundant, and is concentrated along more patchy woodland edges.
The Black-capped Warbling Finch Poospiza melanoleuca (d'Orbigny & Lafresnaye) was sometimes considered the same species as P. cinerea (Ridgely and Tudor, 1989; Fjeldså, 1992) . It is common and widespread in low woodland and shrubbery, from Andean slopes and dry intermontane valleys in Bolivia (up to 1800 m), across lowlands and Chaco in Argentina, Paraguay, Uruguay, and Brazil (Ridgely and Tudor, 1989) . Sometimes it is also seen in areas around houses (Di Giacomo, 2005) . This broad suitability to different habitat types and altitudes in P. melanoleuca raises the question if this also occurs in P. cinerea. This could reinforce that P. cinerea prospers at some degraded habitats.
In summary, the evidences are as follows: (1) our analyses indicate that P. cinerea has some flexibility in habitat use and selection, from natural open cerrado habitats to exotic tall urban tree vegetation, while we first described its nest at a roadside at another paper (Wischhoff et al., 2012) ; (2) the PSC group has a patchy home range with intensive use of woodland edges; (3) the few existent records of P. cinerea are frequently in edges between natural and modified environments (Simon et al., 1999; Ribon, 2002; Lopes et al., 2010) ; (4) this species is very similar to P. melanoleuca, which is a common and broadly distributed species. Thus, here we suggest that it is unlikely that P. cinerea is scarce owing to habitat degradation, as previously put forward by Ridgely and Tudor (1989) . On the other hand, all records of this bird in literature and in our study show that it inhabits sites with native cerrado vegetation in the proximity. Therefore, we highlight that if this species is rare due to factors other than human impacts, it does not mean that it is not threatened to extinction due to habitat loss. Rather, we suggest that this species is scarce due to other natural factors, like optimal altitude or optimal topography (declivity). Additionally, the outlined evidences indicate that woodland edges of native vegetation might be important for this species. In this case, P. cinerea could be a woodland edge species, which could explain its inconspicuousness in its geographical range, along with non-overlapping large home ranges and aggregated individuals in groups, which also can decrease the likelihood of recording this species on field. These might be responsible for its previous suggested rarity.
